1. Preliminary Remark.-Suppose that a rectangular grid is drawn on the flat side of a thin bar, e.g., a sheet of aluminum alloy, before its subjection to the usual tension test. This involves the application of a tensile force sufficient to cause the formation of a plastic or slip band, after which the tension is immediately released. In Figure 1 we have shown the plastic band and have given a rough indication of the displacement or rotation of the grid lines in this band when one of the families of the original grid lines has the direction of the applied tension.
It is the purpose of this note to determine the rotation of the grid lines in the plastic band on the basis of the solutions of the plasticity equations contained in our two previous papers (these PROCEEDINGS). ' In doing this, we have limited our attention to the solution under the von Mises yield condition for incompressible material and to the case I solution under the von Mises yield condition for compressible material, since these solutions give directions for the plastic band which are in fairly good agreement with experiment. A comparison of the calculated values of the angular rotation of the grid lines in the plastic band with the values of this angle obtained by experiments at the Naval Research Laboratory is given in the last section of this paper.
2. The Elastic Displacement.-Reference should be made to the above-mentioned papers' for notations and designations, including the construction of the x and y 4()1 VOL. 40, 1954 ENGINEERING: T. Y. THOMAS co-ordinate systems which will be used in the following discussion. Relative to the x-system, the elastic displacement x -.x' can be represented by xi/ = (1 -fV)xi; X2' = (1 + f)X2;
where v is Poisson's ratio and i = r/E, in which E is Young's modulus and T is the yield tension. Now consider the planes P1' and P2', bounding the portion of the elastically displaced material which is destined to go into the plastic state. The traces 1,' and 12' of these planes on the xi, x2-plane will have equations of the form
(2) Points on the lines 1' and 12' can be thought of as originating from points on lines 11 and 12, respectively, in the xi, x2-plane, where the equations of these latter lines are obtained from equations (1) and (2). This leads to the equations x2 = (tan w)xi 4 d
for 11 and 12; for definiteness we suppose that the plus sign in equations (2) 
x2= xi sin (0-w) + x2 cos (0-a). J
The point x in the xi, x2-plane has co-ordinates y', Y2 in the y-system, as given by the equations .l = Yi cos 0 -y2 sin 0; x2 = yi sinG + Y2 cosO.
We shall also need the equations for the transformation inverse to equation (5) Eliminating the co-ordinates y from equation (7) by means of equation (6) and the co-ordinates x which are thus introduced by means of equation (4), we arrive at the equations giving the plastic displacement x -x t relative to the x co-ordinate system.
We thus obtain (11) and (12) and the formulas for sin (0 -w) and cos (0 -), we find sin (0-) = --
V'(1 + 13)2 + (1 --#V)2 tan2 0 Some simplification of these formulas can now be derived from the fact that A is a small quantity whose square can be neglected in comparison with terms of lower order. This enables us to write sin X = sin 0[1
in place of equations (11) and (12). Similarly, equations (13) and (14) carl be replaced-, respectively, by sin(0 -c) = (1 + ')O sin 0 cos 0; cos (0-a) = 1.
The constants a and &are small quantities of the order of magnitude of 13. Hence, if we make the substitutions (15), (16), and (17) in equations (9) and (10), we find that these latter equations can be written
5. Incompressible Case. For this case we have tan = 1/A/2, b = '13, and a = 2A/2 v13. Hence, from equations (18) and (19), we find (1 -2 v),
Hence the above lines, having slopes ml and M2, are perpendicular.
From equation (2) By means of the above formulas, one can easily determine the magnitude of the slip along the planes of separation of the plastic band and the elastic parts of the bar, as well as the exact values of the components of the tensors of strain and stress in the plastic band. However, this will not be done here, since it is not needed for the problem under consideration.
6. Compressible Case. Here tan 0 = V/v, a = 2V'iP3, and b = (1 -v)i3. Hence, from equations (18) and (19), we find m2 = 0 and 1/ml = 0. In other words, there is no initial rotation of the grid lines in the plastic band.
Let us now use the above values of the quantities a, b, and tan 0 to determine the exact relations (8) for the case under consideration. Availing ourselves of equations (15), (16), and (17) in this connection, we find that (8) becomes identical with the elastic displacement (1) in the xi, x2-plane when terms involving 0 2 and higher powers are neglected. Hence the elastic and plastic displacements are equal to within the above order of approximation. In particular, the band elongation, defined in section 5, will be zero,2 as well as the magnitude of the slip along the planes of separation of the plastic band and the elastic parts of the bar.
7. Effect of Unloading.-According to Hill,3 plastic regions, from the standpoint of the von Mises theory, must remain perfectly rigid after removal of all applied forces, since there is no provision in this theory for an elastic component of strain. Let us adopt this point of view in this discussion. Now we observe from section 2 that in the elastically strained bar the family of parallel planes F1 perpendicular to the xi, x2-plane, whose traces on this latter plane have an inclination 0, is displaced, when the tensile force is removed, into a family of parallel planes F2 such that the planes of the family F2 are likewise perpendicular to the xi, x2-plane and have traces on this plane of inclination w related to the angle 0 by the second equation (3). The remaining part of the elastic displacement x' x given by equation (1) can be regarded as a displacement of points within the planes of the family F2. Hence, if the elastic regions of the bar were perfectly free to slip along the planes separating these regions from the plastic band, following removal of the tension the band would be rotated in a rigid manner, in accordance with the above assumption, through an angle 0-co, clockwise about the x3-axis, while each of the elastic parts of the bar would undergo the displacement described above to within a rigid motion in the direction of the tensile force due to the rigidity of the plastic band. From this displacement we can obtain the position of the particles after unloading, when no slipping is assumed to occur, by imposing an additional displacement of the particles along the final position of the planes of separation of the plastic band and the elastic parts of the bar. This involves the solution of purely elastic boundary-value problem. The solution of this problem for a plastic band of assumed width, which is determined by the constant d in equation (2), gives rise to the groove in the bar which is commonly observed after unloading.
in the problem which is here under consideration, we are concerned only with the fact that the plastic band is rotated in a rigid manner through an angle 0-w in a clockwise direction as a result of the unloading. Hence the lines in the plastic band of 405 V OL. 40, 1954 slope M2, given by equation (20) before unloading, will have, after unloading, the inclination Qi = tan-l [(1 2Ve)3 -(0-"). (21) Thus the grid lines on the flat side of the bar which were originally perpendicular to the direction of the tensile force have an inclination £i within the plastic band after unloading, for the case of incompressible plastic material. Similarly, for compressible plastic material for which M2 = 0, as shown in section 6, these grid lines are deflected through the angle QC= -(0 -) (22) In the following section we shall compare some calculations based oti formulas (21) and (22) with actual measurements of angular deflections of grid lines in the plastic band.
8. Calculated and Experimental Results.-In Table 1 we have shown the results of tests made at the Naval Research Laboratory on four specimens of 24-ST4 We have here an example of a simple and mathematically correct theory which fails completely to explain the experimental facts. The discrepancies encountered with experiment could not have been predicted on purely theoretical grounds. It seems quite clear, however, from a consideration of the column headed AT/T in Table 1 that the primary difficulty lies in the value assigned by the theory to the (quantity b for incompressible material and to the corresponding quantity c for compressible material.' This matter will be discussed in a forthcoming communication, and a modification will be proposed which gives results in satisfactory agreement with the data in Table 1 April 19, 1954 Recent work in population genetics has shown that the selective forces which operate in many natural populations are greater than classical evolutionists were inclined to assume. It is not surprising to find strong selection acting against deleterious mutants which produce hereditary diseases or malformations. However, permanent and "normal" constituents of some natural populations which display balanced polymorphism are likewise maintained by selection of the order of 0.1-0.8. Natural selection of this magnitude can be observed in nature and can be dealt with in laboratory experiments. Experiments of this sort have disclosed a further fact of interest: The adaptive values of some genetic components of natural populations are remarkably sensitive to environmental changes. A genetic variant which is deleterious under some conditions may become useful under only slightly altered conditions, and vice versa.
The chromosomal polymorphism in natural populations of Drosophila, particularly of Drosophila pseudoobscura, yields itself admirably to experimental study. Most experiments have been made with laboratory populations which contain chromosomes with ST (Standard) and CH (Chiricahua) gene arrangements kept at 250 C. Voi,. 40, 1954 4(07 
